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Table B.t
Total Factor Productivity Growth

PERIOD GRO\¥TH RATE

US INDUSTRY

BLS: 19~8-1992

APC: 1948-1987

JGF: 1948-1979

LRC(2): 1952-1987

CO;\l~lUNICATIONS

INDUSTRY

APC: 1948-1987

AT&T: 1947-79

LRC( I): 19-n,- J979

LRCCn: 1951-1987

RWC: 1960-1987

JGF: 19..18-1979

LRC(3): 1984-1992

1.3%

1.7%

0.8%

1.2%

4.0%

3.2%

3.2%

3.2%

3.4%

2.9%

2.6%

(1) BLS: Bureau of uoor SlaliSlies. Muhiproduct TFP Growth. U.S. PriV3le Busineu.
Gl APC: Ameriun ProJuelivity Cenler. Multiproduct TFP GroWlh. U.S. Private Business. Comrnuniuliol'lS

Induslry.
()J JGF: Dalc W. Jort:enson. F. M. Gallup. 4.Jld B.' M. F~umcni. Producri\iry and U.S. Economic Growrh

(Cambrida;e: Harv.ard University Press. 1987). .
(.1) LRC(I): L. R. Chrislcrucn. Testimony filcd in Unilrd Sljl!O v llT!<I. Civ. Action No. 74·/698 (D. D.C. filed

Ko\"embcr 20. 197.1).
(5) ....T&T: Bell Sv5!em ProductivjlY Study' 19.n.1979 (September. 1980).
(6) LRC(:!): L. R. ChriSlerucn. 'Toul ProductivilY Growth in the U.S. Telecommunications Industry and Ll,e U.S.

Ecooomy: 1951·1987: riled in Nonh Da1:ol4. Public Service Commission C~ 1'10. rU·232D-90-149 (O=lOxr
I. 1990)..

(7) RWC: R. W. Cl':ln.b11 and J. G:lIst. "Productivity GrOWlh in the U.S. Telecommunications Seclor: The Imp3ct
or lhe ....T&T DivestilUre: The Brool:inSS Institulion (July. 1990).

(8) LRC(3): L. R. Christensen. Philip E. Schocch. and Mark Meillen. ·Produeti.... ily of The Local Operatin.!:
Telephone Comp:lnies Subject to Price Cap Regulation" Filed:a.s ....uachmenl 6 bc~1f of UST.... in CC Docleel
9-1·1 (~I;,y 3. 199-1).



Exhjbit B.
Page 13 of23

William E. Taylor
December 13, i994

Table B.2
TFP Differential

U.S. Industry and Telecommunications

GROWTH RATE
DIFFERENTIAL

1947-76: Nadiri-Schankennan (I) 2.1%

1948-79: JGF U) 2.1%

19~8-79: LRC( 1) ()) 1.6%

19~8-79: AT&T (~) 2.0%

1948-87: APC 2.3%

1951-87: LRC(2) 1.9%
".-..

1960-87: Rwe 2.2%

1963·9l: DRI (~l 2.8%

198~-199:?: LRC(3) 2.3%

(I) M. l. NJJiri 2nd M. Sc~nkcrm~n. 'The Structurc or Production. Tcehnologie21 Change, and the JUle or
Gro.....lh or TOl21 F~clor ProdUCliyity in the U.S, Bell Syslem.· in Productivity Mcasurctrlr:fl1 in Rr:guloJuJ
InJUJuics. T. Cowing and R. Slevenson. cds. (New York: Aademie Press. 1981).

{:n D. W. Joreenson•• Productivity 2nd Postwar U.S. Economic Growth: Thc Journal 0/ECOMnUC Pcrspr:et;vcs
(r-~1I. 1988). eiling D. W. Joreens.on. F. M. Gollup. ~nd B. M. Fraumeni. Productivity end U.S. £conorrJc
Crou1h IC2mbrirJee: Harvud University Press. 1987).

(JJ L. R. Christensen. Testimony filed in Unitcd Sillies Y. AT&T. Civ. Aelion No. 74·1698 (D.D.C. filed
"""cml"<r 20. 197.t) eompuing unpublished eUimates or nalional TFP growth with cited Bell System
rroJuclivil)' &fo",·th estimates.

(-l) AT&T: Brli Sy<Jrm Pr!\!1ucljvjlY Study: 1947.1972 (September. 1980). comparing unpublished c.sljm~lc.s or
lUliorul TFP &rowlh with cited Bcll System productivity troWlh cslimates.

(5) DRlIMcGrJw.Hill. P('Dn<ylvinja TekcQmmunicalions In(r3<II\lC!Ur( Stvdy. Volume V (March 1993).

(6) LRC(3): L. R. Christensen. PhiIi!" E. Sehoech. and M2rk Mciuen. ·Produclivity of the Loal Opcr:ating
Tc1cphono: Cllmrunies Subject to Pri" C3p ReJ:ulalion.· filed ~s All:lchmcnt 6 on bctulr of USTA in CC
IAl<:kel 9~·1 (May 3. 199-1).
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Tab1eB3
Productivity Diffcrentiab

Based on Output Price Changes

CPI-U - CPI-TELEPHONE AVERAGE ANNUAL GROWTH

1935-1985 (I) 1,95%

1975-1985 (/J 2.64%

1937-1987 (2) 1.8%

1977-1987 (2) 2.0%

1942-1993 2.0%

.,,---.... 1982-1993 1.5%

1959-1993 (3J 2.4%

1929-1993 1~1 1.6%

19-16-1993 (Jl 1.8%

G;\P-Pl - Cpr-TELEPHONE

/959.1993 IS) 1.7%

1982-1993 (6) 1.5%

(I) J. L. Lande and P. L WyMS•• Primer aM Sourcebook on Tclcphol'lC Price fndexes and IUle Levels: Industry
An:l1rsis Division, Common Carrier Burc.:oIU. Federal Communicalioru Commission (April, 1987).

(2) 'Trends in Telephone Service: Industry Analysis Division. Common Carrier Bureau, Federal Communications
Commission (Aul:ust I, 1988),

(J) This period, for comr~rison purposc.s. matches the PC;riod for the lir~ GNP·PI differenti.1 below.

(~l D:.lu from FCC. Supp!cmmal NeUce of Proroxd RlIlc!lMlHnp. CC Doclct 87-313 (March 12. 1990). Appendix
D: T. Spavins and J. Lande. 'Toul Telephone Productivi!)' in the Pre and PDS1·DivcstilUre Periods,' Updated
throu!:" 1993. The oris:ilUl study found differentials of 1.7~ for 1929·1989 and 2.0% for 1946-1989.

(5) The lontest period (or ....hich GNP·PI cbu is a""il"bte.

(6) Comp~re with CPI·U number oyer the S:.lme ro:riod abovt.

'0- ~ r ..



..
/ ....

( .

3.5%

3.0%

2.5%

2.0%

1.5%

1.0%

0.5%

0.0%

Exhibjt B
Page 15 of23

William E. Taylor
December 13. 1994

Figure B.l
U.s. TFP 10 Year Moving Average

Generally Varies Between 1 and 3 Percent
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figure D.2
Telecommunic:ations TFP 10 Year Moving Average

Generally Varies Between 2 and 5 Percent
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Figure B.3
Telecom TFP 10 Year Moving Average Minus

U.s. TFP 10 Year Moving Average Varies Between 1 and 3 Percent
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Figure B.4
Long Run Annual Produdivity Orrset
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Figure B.5
Long RWl Productivity Offset

GNP·PI· CPI·U Total Telephone
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Figure B.6
Long Run Produdivity Offsets

for Local Telephone Companies
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Figure B.7
U.s. Private Business TFP Growth
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Figure B.9
Differences in Annual TFP Gro'r\1h

Telecommunications· US. Private Business
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Figure B.8 .
Telecommunications Industry TFP Growth
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Figure B.9
Differences in Annual TFP Growth .

Telecommunications - U.s. Private Business
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is about 3 years. t For statistical purposes then, a 3 year period (a complete cycle) should be

treated as a single observation, and multiple 3 year periods-Le., a minimum of 6 years-must be

observed to calculate a meaningful average productivity measure with any degree of precision.

This requirement, coupled with the need to average out the effects of a single

company'5 erratic changes in TFP, require that a large sarnpIc of lhe telecomrnurtications industry

is reviewed over a long period of lime. Figure B.B show~ annual and five and ten year averages

of telecommunications TFP growth. Finally, it is only the difference between national and

industry TFP growth that matters for the productivity target in the price cap fonnula. Figure B.9

shows considerable variation in annual productivity differences, ranging from +6.6 to -5.4

percent per year. The differences in the ten~year moving average are much less extreme ranging

from a maximum of +3.5 and a minimum of 0.5 percent.

The picrure in Figure B.9 also shows clearly thalthc long-run produclivily differential

tx:tw~cn lhc U.S. lelephone industry and U.S. private business averages about 2 percent per year.

Wc observcd lhis same fact earlier in Figure B.5, where we nOled thaI the difference between the

annu.11 rale of growth of GNP-PI and the CPI-U total telephone price index was 1.7 percent.:Z

This S:lmc differential (approximalely 2 percenl) has been observed by most students of

tt.:kcommunications produclivity; possibly its strongest statement was provided by the FCC staff

Thu\ ;annu:l1 I;fO\\"\h in TFP ri~es and (Ollis more r1lpidly lhan annual &fowth in GNP. averaging about J years between
PC:l\..1Of !x:\wcen tToughs. 1. W. Kendrick. Long Tam EconomiC Gro\vlh 1860-19;0 (Washington D.C.: U.S. Bureau

orlhe Census, June t97.3).

An impor1:lnt dU:lJit~· principle in the economic theory of produel ion lUsurc5 uS thai we can usc relative growth rales

of input and output prices or quanlities to eSlimate rdalivc growth nIcs in TFP. Sec, for c:camplc, D. W. Jorgenson.

-The EmbvJimrnl Il~polhcsis: TJ,~ Jo//rnal ojPolilicoJ uonomy (Fcbnmy 1966). pp. 1-11.
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in the federal price cap docket where they noted a constant productivity differential (using output

prices) of between 1.7 and 2 percent over the 1929-1989 period.'

These results s~ggest that the price cap would be too volatile to be practical, if the

productivity target were adjusted every year based on annual productivity growth. Moreover, if

a company's own productivity growth were used to establish the productivity target, the incentive

basis of the price cap formula would degenerate. A plan in which a company's TFP growth this

year delermines ils price growth next year would be perilously close lO ordinary rate of rerum

regulalion based on an historic test year. To obtain the full benefit of incentives to increase

productivity growth and achieve the highest possible dynamic efficiency, the productivity target

must befited (i.e., constant over time), so that the finn willlreat it as independent of any of its

actions.

E. A 2 Prrcrn( Differentia) is Consic;tenl wjlh the FCC Prodllc{i"jlj" Threet

Our hislorical TFP differenlial is consistent with the productivity target used by Lie

f:CC in its price cap plan for local exchange carrier interstate services. The FCC has

impkmcnled a productivity offset of 3 percent in ils price regulation plan for AT&T and 3.3

percent for its price regulation plan for the inlerslale access services of the LECs. (A LEC may

<:"rrkm,nl:1I ;--.'Qticc of PrS'ro~cd RiJlcm3I:inr:. CC Dockel 87-) lJ (released March 12, 1990). Appendix D, "Tolal
Telcphone Producti\ ity in the Pre and Post Divesliture Periods; by T. C. Spavins and J. M. Lande; and~
8,I"Nl :md Qrder. CC Docket 117·3lJ (released OClober 4.1990). Appendi:c D. -The Long Tenn View of the

1\l'l'tOpri:llc !'roducti\ i1r FJelor for Intersr:lle E.'tchange Access; by T. C. Sp:l\·ins.
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select a productivity offset of 4.3 percent in exchange for a more favorable sharing proportion for

earnings above 12.25 percent.) The FCC's adoption of 3 percent as a productivity offset for

AT&T derives primarily from its analysis of AT&T's post-divestiture output prices (funher

Notice of Proposed Rulemakine. CC Docket 87·313, released May 23, 1988, Appendix C), in

which AT&T's MTS prices were shown to have grown approximately 2.48 percent more slowly

than the GNP-PI over the post-divestirure period. An explicit "consumer productivity dividend"

of 0.5 percent was added to the historical AT&T productivity differential to insure that ratepayers

benefitted from the regulatory change.

The productivity offset of 3.3 percent for LEes in the price cap plan reDects scveral

factors which do not apply (0 intrastatc servicc. First. interstalc demand is almost entirely driven

by toll traffic and growth in interstate toll traffic, stimulated by rower loll rates. is significantly

grc:Hcr than the growth of intrastate toll or local service. Second, the 3.3 percent offset is sp-::cific

10 Ihe LEC price cap plan. and its value is very sensitive 10 details such as the treatment of

common line demand in the price cap formula. Finally, Appendix D to the Second RepQr1 ilnd

.Qnkr in CC Docket 87-313 showed that a long run productivity differential for the total industry

of 1.7 to 2.0 percent would imply an inlerstate productivity differential of 2.1 to 2.6 percent and

an associated intrastate productivity differential of 1.57 to 1.81 percent: T. C. Spavins, "The Long

Term View of the Appropriate Productivity Factpr for Interstate Exchange Access," pp. 9-10.

r ... _.'.:_ .. r .....
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F. Conclusjon

Based on this review of twenty direct and indirect productivity studies, it is clear that

on average, teleconununications tOlal factor productivity grows approximately 2 percent more

quickly than productivity for U.S. industry as a whole. This conclusion is confinned over every

time period tested from the recent and relatively short time period covered by the latest

Christensen direct study ofTFP to the longest time period considered, 1929-1993, in an indirect

study. Based on these historical comparisons of TFF growth between the telecommunications

industry and the U.S. as a whole, the productivity differential for a price cap fonnula has thus

averaged about 2 percent That is, if telephone industry prices had grown at approximately 2

pcrCCnIJgc points more slowly than the overall rate of inDation, then telcphone prices would have

been growing at about the same rate as telephone costs.

r . ,.~ . r .
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Table B.t
Total Factor Productivity Growth

PERIOD GROWTH RATE

US INDUSTRY

BLS: 1948-1992

APC: 1948-1987

JGF: 19~8-1979

LRC(2): 1952-1987

CO;\ll\lUNICATIONS
INDUSTRY

APC; 1948-1987

AT&T: 1947-79

LRC(I): 19-17-1979

LRC(2): 1951-1987

Rwe: 1960-1987

JGF: 19..l8-1979

LRC(3): 198-t-1992

1.3%

1.7%

0.8%

1.2%

4.0%

3.2%

3.2%

3.2%

3.4%

2.9%

2.6%

(I) BLS: Bure~u of Labor SlalislicI. Multiproduci IF? Growth. U.S. PriV1lle BusinC$.I.
(':!) APC: Ameriun Producl;vilY Cenler. Multiproduct TFP GroW\h. U.S. Priv;alc Business. Communiulions

Induslry.
OJ JGF: Dale W. Jorrcnson. F. M. Gollup. and B." M. Fnumcni. frocJurti\iry and U.S. Economic Growth

(Cambrid&e: H3rnrd Universily Pms, 1987). .
(-l) LRC(I): l. R. cnrjSle~n, Tcslimony filed in Unjtt!! Stiltp v AT&T. Civ. Action No. 7<4·1698 (D.D.C. filed

J'o\"embcr 20. 197-l).
(5) AT&T: Bel! SySltm PrOOueljvjlY Study: 1941·19'12 (September. 1980).
(6) LRC~): L. R. cnrisle~n, ·TOl.aI ?roduetivily Growth in the U.S. Telecommunicarions Industry and the U.S.

Economy: 1951·1987: filed in NOM DatOla rublic Scrvice Comminion C~ No. rU·2J2().90-149 «(>.:totJcr
1.1990).

n) RWC: R. W. Cl':ln.J3l1:and J. G:lISl, 'Productivily Growth in the U.S. Teleeommunie.lions Seelor: The Imp3ct
of the AT&T Di"e~lilure: The Brool;incs Instilullon (July, 1990).

(8) LRC(3): L. R. Chrislenscn. Pllilip E. Schocch. and M:arlc Meilzen. 'Produeti"ity of The Local Opcr.ling
Telephone Comp:lnies Subject 10 Price Cap RCJ:ul:ation' Filed:as Auuhmenl 6 bcfuJ( or USTA in CC DOCKet
9~·1 (~by 3. 199~).
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Table B.2
TFP Differential

U.S. Industry and Telecommunications

GRO'WTH RATE
DIFFERENTIAL

1947-76: Nadiri-Schankerman (I) 2.1%

1948-79: JGF (2) 2.1%

19~8-79: LRC( 1) ()) 1.6%

19~8-79; AT&TI~) 2.0%

1948-87: APC 2.3%

195 J-87: LRC(2) 1.9%
~'.

1960-87: RWC 2.2%

1963-91: DRI (~l 2.8%

193-t-199J: LRC(3) 2.3%

(\) t-l. I. N:"Jiri 3nd M. Sch4nkcrm~n, "The Structure or Produclion. Tcthnologic~1 C~nge. aoo the Rale o(
Grov.·th of Tot~1 Factor PrGducliyity in the U.S. Bell SySlem.· in Productivity MCtlJuremcnJ in Rcgu!DJcd
lnJUJtriCJ. T. Cowing and R. Sleyenson. cds. (New York: Aademic Press. ]981).

(:!) D. W. Joq:enwn, •PrGduetivity and Postwar U.S. Economic Growth.- The JoufTIDl ofEconomic PCfJpeetivCJ
(Fall. 1988), citing D. W. JOfl:enson. F. M. Gollup. and B. M. Fraumeni, Productivity and U.S. Economic
Gro",lt (Cambridl:e: Harvud University Press. 1987).

()) L. R. Christensen. Testimony riled in United Slaies v, AT&T, Civ. AClion No. 74-1698 (D.D.C. filed

l'o,'cml"ocr 20. 197-1) comparing unpublished rSlim~trs of lUliolUl TFP ~rowth with cited Bell System
rroJuclivil)' l:ro...·th estimates.

(4) AT&T: BS'lI Sy<!cm PrMucljvjlY SlUdy: 1947·1979 (Septembc:r. 1980). comparing unpublished eslimalcs of

lUlion.:l1 TFP crowlh with died Bell System produClivil)' growth eSlimates.

(S) DRIlMeGrJ",·Hill. PennwlYinia TdtCommvnic3liQDS In(ra<lructvr, S1Vdy. Volume: V (M~rch 1993).

(6) LRC(): L. R. Chrislensen. Philip E. Sehoeeh. and MJrk "'ciuen. ·Produclivity of the Local Operating
Tderhon.: Cumrunics Subject to Price Cap Regulation." filed 2S Atbchmenl 6 on bc~'( o( USTA in CC
lAdel 94.' (May 3. 199~).
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TableB3
Productivity Difftrentiab

Based on Output Price Changes

CPI-U - CPI-TELEPHONE

1935-1985 (I)

1975-1985 (I)

1937-1987 (2)

1977-1987 m

1942-1993

1982-J 993

1959-1993 PI

1929-1993 1~1

19~6-1993 (~)

Ci'\P-PI - CPI-TELEPHONE

1959./993 IS'

1982-1993 (6)

AVERAGE ANNUAL GROWfH

1.95%

2.64%

1.8%

2.0%

2.0%

1.5%

2.4%

1.6%

1.8%

1.7%

1.5%

(I) 1. L. Uz>de and P. L Wynru. 'Primer~Sour~bool:on Tclepflone Price rndcxes and Rate L.cvcls: Industry
An:lI)"sis Division, Commo:'l Carrier Bureau, Federal Communications Comminion (April, 1987).

(2) 'Trends in Telephone Service: Industry Analysis Di...ision, Common Carrier Bureau. Feder.ll CommuniC.'ilions

Commission (Aul;ust I, 1988).

(J) This period, for eomp3Tison purposes. Il'Ulches the ~tiod (or the firS! GNP·P! di{(eTcntial below.

(-l) Data (10m FCC. Supplemental Notice of PlOpc.ncd RliltUlill:jnt, CC Docket 87-313 (March 12, 1990). Appendix
D: T. Spavins and J. Lande. 'Taul Telephone Productivity in the Prc and POS(·Oivoli!ure Periods.' updaled
throuth 1993. The oritirul sludy found differentials or 1.7~ for 1929·1989 and 2.0~ for 1946-1989.

(5) The lon\;est period (or ....hich GNP·PI dau i$ available.

(6] Com~~re with CPI·U number over the s.ame I'.:riod above.

I.- • r ..
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Figure B.l
U.s. TFP 10 Year Moving Average

Generally Varies Betw~n 1 and 3 Percent
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FigurcD.2
Telecommunications TFP 10 Year Moving Average

GeneraJly Varies Between 2 and 5 Percent
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Figure B-3
Telecom TFP 10 Year Moving Average Minus

US. TIP 10 Year Moving Average Varies Between 1 and 3 Percent
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Figure BA
Long Run Annual Productivity Offset
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Figure B.5
Long Run Productivity Offset
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Figure B.6
Long Run Productivity Offsets

for Local Telephone Companies
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Figure B.7
U.s. Private Business TFP Growth
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Figure B.B .
Telecommunications Industry TFP Growth
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Figure B.9
Differences in Annual TFP Growth

Telecommunications - US. Private Business
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